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A number of chemometric techniques were applied to the interpretation of 
congener-specific high-resolution gas chromatography analyses of polychlorlnated 
biphenyls (PCBs). The numerical techniques employed Included SlMCA 3X pattern 
recognition, principal components analysis, and KNN (K-nearest neighbor statistical 
analysis), The objectives of the study were to identity, classify, and categorize 
environmental PCB samples. II was found thai the quantitative compositions of 
commercial Aroclor PCB congeners allow for identification ol Aroclor mixtures (such 
as Arodors 1221, 1232, 1242 etc.) in environmental samples. Knowledge of the 
Aroclor composition of water, sediment, and biota samples facilitates assessment of 
environmental origins and environmental degradation patterns. 

Introduction 

This paper presents several numerical techniques which allow for the tracing of 
environmental sources ol PCBs, and interpretation of how PCB profiles are altered 
as a result of introduction into (he ecosystem. All of the PCBs that were produced 
in North America came from a single manufacturer, the Mosanto Chemical Company 
in the United States. The various technical mixtures provided to industry by this 
company were given the trade name Aroclor, and were designated according to the 
chlorine content in the biphenyl molecule. This chlorine content varied from 21% to 
68% chlorine by weight. The PCB mixtures produced by this company consist of 
only a relatively small number of specific grades of Arodors, These induded 
Arodors 1221, 1232 1016, 1242, 1248, 1254, 1260, 1262, and 1268. where the last 
two digits indicate the percentage of chlorine. These commerdal produds were 
analyzed by the manufacturer, and variations in the chlorine content were usually 
adjusted with higher or lower chlorinated produds to obtain an average value as 
spedfied for a particular Arodor, Consequently, variations in PCB isomers were 
significant between batches. However, conger group variations were less 
pronounced 
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Experimental 

Sediment, water, and biota samples were colleded from Wheatley and Hamilton 
harbours. Sediment samples were collected by Eckman dredge, water samples 
were colleded by a Van Dom waler bottle. Physa integ ra (snail). Zonltoldus 
arborens. Lvmnaea staqnalis (snail), pumpinkseed sunfish (Eupomotjs qibbosus) 
(Le pomis ?), and Isopods were colleded from the nearshore and offshore areas. 

Open tubular column gas chromatography analyses were performed on the water, 
sediment, and biota samples. A Varian Model 6000 GC equipped with a cold 
on-column Injedor and an eledron-capture detedor were utilized. Peaks were 
identified by a method of relative retention time matching. Decachlorobiphenyt was 
used as a reference peak. Relative retention time values for the PCB congeners 
were calculated as the ratio of the individual peak retention time to that of 
decachlorabiphenyl. The samples were quantified using calibrated Aroclor standards 
in a 1:1 mixture. 

Interpretation of results 

Typical chromatograms Df commerdaJ Arodors are given in the figure 1. These 
chromalograms are the result of the analysis of Arodor standards obtained in 
ampoule form from the US-EPA in Clndnnatl, Ohio. The various congener groups 
are indicated by integer numbers on the chromatograms. There is a very noticeable 
change in the proportion of the PCB congener groups from lower to higher 
chlorinated Arodors. 11 readily becomes apparent that visual inspedion of isomer or 
even congener group patterns from sample chromatograms is extremely tiresome 
and prone to errors when the objedive is to evaluate which Arodor mixture Is 
present in an environmental sample. This is greatly complicated by the two fads : 
(1) Many industrial applications of PCBs involved two or more mixtures of Arodors; 
and (2) The introduction of PCBs into the environment results in some modification 
of the Isomer and congener group patterns due to various physical, chemical, and 
biological fractionation mechanisms. 

If the composition of the chlorine content of the Arodors were represented as 
percentages of the various congener groups, such as in table 1 , the evaluation of 
PCB profiles would be considerable simplified. This manner of presentation is also 
convenient for input into many numerical or statistical programs. Some industrial 
PCB applications are adually mixtures of two or more Arodors. Industrial mixtures 
may indude binary mixtures composed of two Arodors, ternary mixtures composed 
of three Arodors, and even quaternary mixtures composed of four different Arodors. 
Such theoretical industrial PCB mixlures can be numerically approximated by 
manipulation of the Arodor end- members (Onuska et. al., 1985). 

The results from the analysis of PCBs in the water samples (table 2) from the two 
harbours revealed that the more chlorinated PCB congeners were present in higher 
proportions in Hamilton Harbour. Total PCB concentrations were approximately the 
same for both harbours However, all water samples contained levels of PCB over 
the MOE objective for ihe protedion of aquatic habitats which is 1 ug/L. 
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The sed.men results (table 3) exhibit more pronounced variations in the PCB 
loadings for the two harbours. Once again the more chlorinated congeners are 
more prevalent in the Hamilton Harbour samples. However the PCB concenLfnn 

WhX n'rbour H rtVpf? T , ran96d ? *W™™W 10 ,™af o 
eJ^-Z H ( al ? our , . The PCB 'evels in the sediment samples were alarminalv hiah 
especially station 3 ,„ Hamilton Harbour which displayed 14.2 mg/Kg of S PCB 

w C h n, K ali ° n ^f ns of PCB con 9* n ers were similar in all types of biota for the 

□iscussea awve and the actual environments sample results In the suaeru.sen 

Hamilton Harbour 

A plot of the first two components for Hamilton Harbour reveals that the sediment 

Tzto 262^ ?SST \ P ' 0t i09e h th6r in a bunch de!inea,ed b * Ardors ™4 
i^bu ^^b^ ana 1 1246. A somewhat separate group includes the two wato 
samples. It is interesting .0 note that the water sample obtained Mrom the m°dd"e o 
the water column plots near the Aroclor 1248 point- whereas the water samnC, 
obtained from the water collected near the bottom plots™ ?o the sXenland 
PCBcnnnTnt "n '° l!" '° W S °' Ubilit * 0f PCBs in **" « is p^e ,ha, Ihe 
resoeS ,0 the ™! V'hf "22 £ ,h9 Wa,er Sam P les are ^omewhTdeple ted w Sh 
watP^PR nfi ,r« h ' 9hly chlonn u a,9d groups, alternately one could assess the 
water PCB profile as representing the least degraded or modified PCB samples and 

Wheatley Harbour 

HM&SJ!" 1212!. ".""*" IS " »"*" bul « »"««' » "» Hamilton 

^?, W f th P ' e i P ' 0t , muCh closer ,0 9 ether tha! th ^y did in the HamNton Harbour 

fn a hfHamiLrHrour'Tata\ a e r ,e T h alSO *Z ^ «°^ to 9 a '^ "hen gf% 
r™™ Harbour dataset. This could mdicale that the PCBs Dresent in 

¥£SnfS af Hamilton^ "T* ,han PCBS "™ d <" SSSJ^SU. 

possible T uTCei^fpc B Tpr R ? Ur ^ Sa K diverse indus,rial base wtlh «veral 
froff i various^tPP? ,„f n ° Und Wlthm Hamilton Harbour °°"ld originate 

tram vanous steel industry sources, incinerator emissions, and other industries 
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whereas the only industry found at Wheatley Harbour is related to commercial 
fishing. 

Once again 1he water samples plot closer to the lower chlorinated Aroclor groups, 
and the sediment/biota plot closer to more highly chlorinated groups. The 
sediment/biota sample plot closer to Aroclor 1254 than did the Hamilton Harbour 
samples. The sediment/biota samples also plot further away from the more 
chlorinated Aroclors 1260 and 1262 than was the case with the Hamilton Harbour 
samples. 

Because of the limited amount ot industry present in Wheatley Harbour, the possible 
sources of PCB contamination are rather limited. The major source of PCBs in 
Wheatley Harbour is likely to be PCBs which arose from paints applied 1o fishing 
boats. PCBs used to be added to paints as softening or plasticiang agents. It is 
known that the Aroclors added to paints were a mixture of 1248 and 1254. The 
conclusion that these paints are the source ot environmental PCBs at Wheatley 
Harbour appears to be borne out by the principal components plot. All samples plot 
between limits derived by these two Aroclor groups, with little deviation towards the 
other Aroclors (which is unlike the Hamilton Harbour dataset). Only a small amount 
of partitioning between the higher/lower chlorinated Aroclors appears to have taken 
place in the Wheatley Harbour samples. 

As mentioned previously, the industrial base of Hamilton Harbour precludes an easy 
assessment of PCB source material. It appears that four or five different Aroclors 
may be represented in the Hamilton Harbour dataset. These include Aroclors 1254, 
1260. 1262, 1248, and possibly 1242. PCBs in transformer fluid are Irequentiy 
mixtures of Aroclors 1242, 1254, and 1260. These mixtures often did not conlain 
Aroclor 1248. It is possible that a mixture of these three Aroclor end members 
would produce points which plot near the observed data points (and also near 
Aroclor 1248). It is known that the steel industry used to coat steel products with 
PCBs during the finishing process. These PCBs often consisted of the less 
chlorinated Aroclor groups. These Aroclors ranged Irom Aroclor 1016 to Aroclor 
1242. It would seem that either these PCBs were not introduced into the Harbour, 
or have since degraded to appear as the more highly chlorinated forms. 

Summary 

It was found that the quantitative compositions of commercial Aroclor homologue 
groups allow for quantification of binary, ternary, and quaternary Aracior mixiures. 
Knowledge of the Arodor technical mixture composition of environmental PCB 
samples facilities assessment of environmental origins. Modifications to PCB 
profiles, as a result of environmental degradation, can also be evaluated using 
similar numerical techniques. These techniques have been applied to PCB samples 
obtained from sediment, water, and biota from Wheatley and Hamilton harbours. 
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Table 1. Composition Of Individual Homologue Groups in Selected 

Aroclors 
AROCLOR 1248 1234 1260 1262 
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Table 2 Residues or PCBs In Vater at Two Harbours (n r /L) 
PCB-homolo eU es Tri- Tetra- Penta- Hexa- Hepta- Octa- Total 



HAMILTON HARBOUR : 

station i 3 o.i ae. a 69 7 21 4 10 3 , t 21J ? 

Station 2 26.3 33.3 18.8 SO 1.6 1.0 66.0 

WHEATLEY HAkBoUC : 

St - at - lon * 3<S2 1*8.3 91.0 13.0 2.3 0.1 291.1 

Station 2 13.9 35.9 27.3 7.* 1.8 0.1 86.4 



Table 3. Distribution of PCBs In Sediments <Wk C ) 
Homologue Tri - Tetra- Penta- Hexa- Hepta- Oct.- Nona-Total 



HAMILTON HARBOUR 

Station 1 97.4 134.9 

Station 2 41,0 72.4 

Station 3 733.0 1U65.0 

Station 4 235.7 451.0 

Station 5 205. 9 441.6 

Station 6 148.4 267.4 
"HEATLEY HARBOUR 

Station A 28.8 111.2 

Station B 5.6 20.0 

Station C 14. B 64.6 

Station D 3.8 30.8 

Station E 5.6 34.0 

Station F 21.4 54.2 
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Table 4. Distribution of PCBs in Biota Cmk^C *«»• »elcht> 
Homoloeue Tri- Tetra- Penta- Hexa- Hepta- Octa- Total 



HAMILTON HARBOUR 
Isopoda 16.7 
Physa Integra 5.5 
Oli50chaei.es 32.6 
WHEATLEY HARBOUR 
Fish ttufomolii 
flMcisus) 7.0 
Zoni 1 oidus 5. 1 

aroorens 

fhysa infegrd 5.6 

olicochaetes 22.4 
i.v""ieti sta£nat. 1.2 
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